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Cardiac surgery involving cardio pulmonary bypass (CPB) may be associated with development of a
coagulopathy that increases risk of bleeding. In the present ex vivo study we investigated the influence of
fibrinogen and rFVIIa, alone or in combination, on whole blood coagulation thromboelastometry using pre-
and postoperative blood samples from 18 consecutive adult patients undergoing CPB surgery. Dynamic
thromboelastometric clotting profiles were recorded using citrated whole blood activated with trace
amounts of tissue factor (Innovin®, final dilution 1:17000). Blood samples were collected before surgery
(control) and postoperative samples were obtained following in vivo neutralization of heparin with
protamine sulphate. All blood samples were treated with heparinase to ensure neutralization of possible
residual heparin effect. The post-operative blood samples were spiked with buffer, rFVIIa (2 µg/mL),
fibrinogen (1 mg/mL), or the combination of rFVIIa and fibrinogen. Despite neutralization of heparin, CPB
surgery left ameasurable coagulopathy that was thromboelastometrically characterized by prolonged onset
of clotting, reduced maximum velocity of clot formation (MaxVel), and decreased maximum clot firmness
(MCF). Ex vivo spiking of the postoperative samples with rFVIIa shortened the clotting time. Fibrinogen also
shortened the clotting time and, in addition, improved the MaxVel, and MCF. Finally, adding the
combination of rFVIIa and fibrinogen to the postoperative samples corrected all thromboelastometric
parameters to the preoperative range. In conclusion, the correction of whole blood clotting abnormalities
that occurs with rFVIIa and/or fibrinogen suggests that future clinical trials on treatment of bleeding during
CPB surgery should study the haemostatic effect of fibrinogen or possibly the combination of rFVIIa and
fibrinogen.

© 2009 Elsevier Ltd. All rights reserved.
1. Introduction

During cardiopulmonary bypass (CPB) surgery a multifactorial
coagulopathy may develop and this may contribute to peri- and post-
operative bleeding. Possible causes include heparinization, surgical
trauma, haemodilution, extracorporal circulation, consumption coa-
gulopathy, increased fibrinolysis, and hypothermia [1–3]. Despite
adequate neutralization of heparin with protamine sulphate at the
end of surgery [4], haemostasis often remains compromised and this
may contribute to severe bleeding, leading to surgical re-exploration
in 3 to 4% [4,5]. Standard medical management of the coagulopathy
includes transfusion of red blood cells, fresh frozen plasma, and
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platelets [6]. Clinical reports have also suggested a beneficial
haemostatic effect of recombinant factor VIIa (rFVIIa) administration
[7–9] or the administration of a fibrinogen concentrate or cryopre-
cipitate [10].

Bedside whole blood rotational thromboelastometry (ROTEM®)
using activation with minute amounts of tissue factor is a sensitive
method that may allow tailoring of haemostatic intervention in
various coagulopathies and during surgery [11–13]. The ROTEM could
possibly help predict the clinical response to various haemostatic
agents [14–18]. Recently, Tanaka et al reported an improvement in
ROTEM parameters after addition of rFVIIa (1.5 µg/mL) and fibrinogen
(1 mg/mL) alone or in combination to postoperative blood samples
obtained following CPB surgery in seven patients, although no
preoperative control or other details revealing a coagulopathy were
shown [19].

In the current ex vivo study, done on whole blood samples
obtained from patients before and after CPB surgery, we tested the
binant factor VIIa and fibrinogen correct clotting ex vivo in patient
es (2009), doi:10.1016/j.thromres.2009.08.008
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ex vivo effect of rFVIIa, fibrinogen, and the combination of both on the
abnormal thromboelastometric coagulation pattern that developed
during surgery.

2. Materials and Methods

2.1. Study subjects

We studied eighteen consecutive adult patients undergoing car-
diopulmonary bypass surgery at the Landspitali University Hospital in
Reykjavik, Iceland. None of the patientswere treatedwith aprotinin or
tranexamic acid during surgery. Patients with known congenital
thrombotic or haemostatic disorders were not eligible. The median
age of the study population was 68 years (range 39-82). Twelve
patients underwent coronary artery bypass grafting (CABG), two
aortic valve replacement (AVR), three CABG+AVR, and one mitral
valve repair. Nine patients had stable angina pectoris (AP) and under-
went elective surgery whereas the other 9 patients presented with
unstable AP and had expedited surgery. All patients with unstable
AP received low molecular weight heparin (enoxaparine 80 mg)
q12 hours until the day of operation. According to standard hospital
procedure, patients undergoing elective surgery were recommended to
discontinue aspirin prior to surgery and the aspirin was discontinued
between 2 - 18 days prior to surgery (median=8 days).

2.2. Blood sampling

Two sets of blood samples were obtained from the distal lumen
(16 Ga) of the non-heparinized central venous catheter (Arrow-
Howes™ Quad-Lumen, Arrow International Inc. Reading, PA, USA).
The first set was obtained immediately after the patients were
anaesthetized but prior to initiation of surgery and the second set
15 minutes after termination of CPB and full reversal of heparin (Leo®
Pharma A/S, Copenhagen, Denmark) with protamine sulphate (Leo®
Pharma A/S, Copenhagen, Denmark). The first 10 ml of aspirated blood
were discarded tominimize pre-activation of the blood. For coagulation
and platelet analyses we used 5 ml 3.2% sodium citrate Becton-
Dickinson vacutainer® tubes (Becton Dickinson, Belliver Industrial
Estate, Plymouth, United Kingdom), whereas 4 ml BD EDTA vacutainer
tubes were used for measurement of the complete blood count.

2.3. Reagents and buffers

As a buffer control we used HEPES 20 mM, NaCl 150 mM, pH=7.4
(Bie & Berntsen A-S Herlev, Denmark). Recombinant factor VIIa (rFVIIa,
NovoSeven®, Novo Nordisk, Bagsvaerd, Denmark) and fibrinogen
concentrate (Haemocomplettan®, CSL Behring, Marburg, Austria)
were obtained from the manufacturer. The HEPTEM® reagent from
Pentapharm, Munich, Germany was used as source of heparinase. The
tissue factor (TF) source was Innovin® from Dade Behring, Marburg,
Germany.

2.4. Whole blood coagulation analyses

Dynamic whole blood clot formation profiles were recorded by a
ROTEM® Thromboelastometry Coagulation Analyzer (Pentapharm,
Münich, Germany). The analyticalmethodology adopted is described
elsewhere [20]. In brief, citrated blood samples rested for 30minutes
at ambient temperature. The reaction mixture contained 280 μl of
citrated whole blood+10 μl of heparinase+20 μl buffer or drug
(final added concentrations: rFVIIa 2 μg/mL corresponding to a
90 ug/kg dose and/orfibrinogen 1mg/mL corresponding to a 3 g dose in
a 80 kg person)+20 μl TF and CaCl2 200 mM. All results shown are
based on means of duplicate experiments. The thromboelastometry
measurement of whole blood clot formation was based on activation
with minimal amounts of tissue factor (final reaction mixture dilution
Please cite this article as: Sørensen B, et al, The combination of recom
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1:17,000). Assessment of whole blood clot formation was based on
standard thromboelastometry parameters suchas the clotting time (CT)
and the maximum clot firmness (MCF). In addition, the ROTEM® raw
data were processed using the DyCoDerivAn™ software (AvordusoL,
Risskov, Denmark) providing dynamic velocity profiles and derived
parameters such as the maximum velocity (MaxVel) and time to
maximum velocity (t, MaxVel) of clot formation [20]. The CT charac-
terizes the initiation phase of whole blood clot formation. The MaxVel
and t,MaxVel, define the propagation phase ofwhole blood clotting. The
stabilization phase is expressed by the MCF and is predominantly
sensitive to platelet count and level of fibrinogen [21].

2.5. Whole blood platelet function analyses

Whole blood platelet function was evaluated by detection of PFA-
100 closure times using the Platelet Function Analyser PFA-100®
(Dade-Behring, Marburg, Germany) as well as Dade® PFA collagen/
epinephrine (CT c/epi) and Dade® PFA Collagen/ADP (CT c/ADP) test
cartridges. In brief, 800 µL of citrated whole blood were pipetted into
the test cartridge. By vacuum pressure, the whole blood flows through
a micro-aperture in the cartridge membrane that is coated with
collagen and either ADP or epinephrine. The instrument monitors
reductions in the blood flow rate as the platelets form a haemostatic
obstruction in the aperture. Arrest of blood flow is denoted as closure
time and the maximal value obtainable is 300 s.

2.6. Other laboratory coagulation analyses

The STA-R coagulation analyzer (Diagnostica Stago, Asnieres,
France) was used for the follwing plasma coagulation, chromogenic
tests and immunoturbidometric tests. The activated partial thrombo-
plastin time (APTT, sec), prothrombin time (PT, sec), fibrinogen con-
centration (g/L), thrombin time (TT, sec) were measured using
Platelin® LS (BioMérieux USA), Tissue factor STA® Néoplastine® CI
plus, STA®-FIBRINOGEN 5, and STA®-Thrombin, respectively. The
activity of antihrombin, protein C, and antiplasmin was measured
using STA®-STACHROM® AT III, STA®-STACHROM® PROTEIN C, and
STA®-STACHROM® ANTIPLASMIN, respectively. D-dimer was deter-
mined using the STA®-LIATEST®D-DI reagent. The reagents were
obtained from Diagnostica Stago unless stated otherwise.

2.7. Statistical considerations

The distribution of data was evaluated using histograms and Q-
Q-plots. Data did not follow a Gaussian distribution, hence data com-
parison was performed using the non parametricWilcoxon signed rank
test for paired data. Results are shown as median (range). Statistical
significance was defined by a p-valueb0.05.

2.8. Ethical considerations

The study was approved by the Ethical Committee of the Landspitali
University Hospital in Reykjavik, Iceland and the Data Protection
Authority of Iceland. Informed consent was obtained from all partici-
pants prior to surgery.

3. Results

3.1. Clinical data

Themedian timeon cardiopulmonary bypasswas 102minutes (range
45-206). The median cross clamp time was 54 minutes (range 21-153).
The median lowest core body temperature was 35 °C (33.2-35.7). The
median blood loss during the operation measured based on suctioned
waste andweight of used gauzes and sheetswas 1055mL (10 – 3750). In
the 18 patients, there was a significant positive correlation between the
binant factor VIIa and fibrinogen correct clotting ex vivo in patient
Res (2009), doi:10.1016/j.thromres.2009.08.008
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Table 1
Pre- and postoperative standard coagulation tests and blood cell count.

Pre-operative values Post-operative values

Median (range) Median (range)

APTT [sec] 36.7 (29.7-48.5) 47.0 (35.9-60)⁎⁎⁎
Thrombin time [sec] 16.6 (15.4-17.6) 17.0 (14.7-19.6)⁎
PT [sec] 14.2 (13.2-15.7) 18.4 (17.1-22.9)⁎⁎⁎
Fibrinogen [g/L] 3.1 (2-5.4) 2.0 (1.5-2.7)⁎
D-Dimer [mg/L] 0.33 (0.24-8.2) 3.3 (1.5-16.3)⁎⁎⁎
Antithrombin [U/dL] 85 (69-108) 64 (49-80)⁎⁎⁎
Antiplasmin [U/dL] 84 (65-105) 58 (40-73)⁎⁎⁎
Protein C [U/dL] 106 (91-166) 82 (64-115)⁎⁎⁎
White blood cells (x109/l) 5.4 (2.7-9.5) 11.7(3.4-19.2)⁎⁎⁎
Red blood cells (x1012/L) 4.1 (2.9-4.8) 3.2(2.29-3.86)⁎⁎⁎
Haemoglobin (g/L) 126 (123-129) 100 (82-116)⁎⁎⁎
Haematocrit (%) 36 (26-42) 29 (26-42)⁎⁎⁎
Platelets (x109/L) 222 (165-406) 123(72-237)⁎⁎⁎

⁎pb0.05, ⁎⁎pb0.01, ⁎⁎⁎pb0.001 by Wilcoxon signed rank test.
Lists standard coagulation tests as well as the blood cell count before and immediately
after cardiac surgery.
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reduction inmeasuredfibrinogen concentration (g/L) during surgery and
the amount of intra-operative blood loss (R2 0.37, p=0.0069, data not
shown).The use of the heart and lungmachine resulted in a positive fluid
balance of 2820 (1920-4530). The median postoperative blood loss for
24 hours following chest closure assessed based on chest tube drainage
was 900 mL (300-3600).

3.2. Standard coagulation parameters and blood cell count

As evident from Table 1, a moderate coagulopathy as well as
hyperfibrinolysis was present following CPB based on measured
Fig. 1.Whole blood dynamic thrombelastometry profiles before and after cardiac surgery – e
velocity profiles before and after cardiac surgery following neutralization of heparin with p
effect of in vitro addition of fibrinogen (B), recombinant factor VIIa (C) as well as the comb
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changes in APTT, PT, TT, Clauss fibrinogen, protein C, antithrombin,
antiplasmin, and D-dimer. Moreover, the white blood cell count
increased and the red blood cells, haemoglobin, haematocrit, and
platelets decreased.
3.3. Whole blood thromboelastometric profiles following cardiac surgery
with and without spiking with fibrinogen and recombinant factor VIIa

Despite neutralization of heparin with protamine and heparinase,
the dynamic whole blood coagulation profiles were significantly
abnormal following CPB. Illustrative results from a single patient
are shown in Fig. 1, panel A. There is a prolonged initiation phase
(prolonged CT), a compromised propagation phase as measured by a
lower MaxVel and a longer t, MaxVel, and a reduced whole blood
clot firmness (a diminished MCF). All ROTEM results (CT, MaxVel, t,
MaxVel, and MCF) are shown in Table 2. Ex vivo spiking experiments
with fibrinogen and rFVIIa, separately or together, on blood samples
taken following ACT-guided reversal of heparin with protamine and
after mixing with heparinase showed that both haemostatic agents
improved the abnormal ROTEM parameters (Table 2). Thus, ex vivo
spiking with rFVIIa significantly shortened the CT and the t, MaxVel,
but rFVIIa did not induce significant changes in the MaxVel or MCF.
With the addition of fibrinogen a significant shortening of the CT
and t, MaxVel and increased MCF occurred as well as a borderline
improvement in theMaxVel (p=0.05). The addition of fibrinogen and
rFVIIa together revealed further improvement, i.e. a full correction of
all the coagulopathic ROTEM findings to pre-treatment levels as
illustrated by a shortening of the CT and t, MaxVel and an increase in
the MaxVel and normalization of the MCF.
ffect of fibrinogen and recombinant factor VIIa. Panel A: Illustrates whole blood clotting
rotamin in vivo and heparinase ex vivo. Panels B, C, and D: Visualizes the haemostatic
ination of fibrinogen and recombinant factor VIIa (D) to the postoperative sample.

binant factor VIIa and fibrinogen correct clotting ex vivo in patient
es (2009), doi:10.1016/j.thromres.2009.08.008
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Table 2
Whole blood thrombelastometry parameters – effect of fibrinogen, recombinant factor VIIa and the combination of fibrinogen and recombinant factor VIIa.

Pre-operative values Post-operative values Post-operative values+
rFVIIa

Post-operative values+
fibrinogen

Post-operative Values+rFVIIa & fibrinogen

Median (range) Median (range) Median (range) Median (range) Median (range)

Clot initiation
- CT (sec) 183 (147-475) 385 (375-558)⁎⁎ 232 (62-702)¤¤ 246 (45-696)¤ 155 (55-601)¤¤¤

Clot propagation
- MaxVel (mm⁎100/sec) 17.5 (7.3-28.7) 15.1 (8.1-21.2)⁎⁎ 15.2 (8.5-22.4) 16.0 (11.3-24.0) 16.8 (10.2-25.7)¤
- t, MaxVel (sec) 368 (282-780) 560 (556-766)⁎ 436 (188-926)¤ 409 (194-1002)¤ 312 (200-804)¤¤

Clot stabilization
- MCF (mm) 6234 (4965-7939) 5527 (4549-6736)⁎⁎⁎⁎ 5501 (3685-6762) 5839 (5154-6889)¤¤¤ 5808 (5100-8163)¤¤

⁎pb0.05, ⁎⁎pb0.01, ⁎⁎⁎pb0.001, ⁎⁎⁎⁎pb0.0001 compared to pre-operative value by Wilcoxon signed rank test.
¤pb0.05, ¤¤pb0.01, ¤¤¤pb0.001 compared to post-operative value by Wilcoxon signed rank test.
The table shows the numerical results of the whole blood thrombelastometry parameters before and after cardiac surgery as well as following addition of the haemostatic components
fibrinogen and recombinant factor VIIa. The thromboelastometry clotting process is described by an initiation phase followed by a propagation phase and a stabilization phase.
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3.4. Whole blood platelet function

Prior to surgery, eight patients had abnormal PFA-100 closure
times; seven had prolonged CT c/epi and 7 patients prolonged CT c/
ADP. All five patients undergoing aortic valve replacement had
prolonged CT c/ADP and 4 out of 5 had prolonged CT c/epi pre-
operatively. Surgery induced a significant further prolongation of the
CT c/epi assay (pb0.02, Fig. 2, panel A) but not of the CT c/ADP (p=n.s.,
Fig. 2, panel B).

4. Discussion

Based on comparison of ROTEM patterns recorded in pre- and
postoperative blood samples obtained from CPB-surgical patients,
we found that ex vivo addition of the combination of rFVIIa and
fibrinogen in pharmacological concentrations corrected the abnormal
postoperative thromboelastometric abnormalities into the preoperative
range.We also confirmed the previously published findings of Tanaka et
al showing that rFVIIa or fibrinogen as single agents ex vivo partially
corrected the postoperative ROTEM abnormalities in whole blood
samples obtained from CPB patients after reversal of heparin with
protamine sulphate [19]. In that paper further correction was observed
by applying both agents together but since no preoperative control
samples were investigated the full degree of correction could not be
shown. Interestingly, both studies show that the ex vivo correction
occurs irrespective of the heterogenous nature of the postoperative
coagulopathy which involves haemodilution, loss or consumption of
Fig. 2. Platelet function before and after cardiac surgery. Platelet function evaluated by PFA-
collagen and epinephrine cartridge (c/epi, Panel A) or the collagen and ADP cartridge (c/AD
post-operatively (pb0.02) but the c/ADP do not differ.

Please cite this article as: Sørensen B, et al, The combination of recom
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many coagulation factors, increased fibrinolysis and loss of platelets or
platelet function.Due to ouruseof heparinase, the coagulopathypresent
in our study is less likely to be caused by a residual heparin effect.
Therefore, our findings are unlikely caused by possible reversal of a low
doseheparin effect ashas been shown to occurwith rFVIIa in a ratmodel
[22].

The findings that we and Tanaka et al describe are to our knowledge
the first studies that demonstrate an additive effect of rFVIIa and
fibrinogen on coagulopathic samples obtained from CPB-patients. The
correctiveeffectoffibrinogenalone is alsonotable. Similarfindingswere
previously shown in in vitro studies based on in vitro albumin-buffer
dilutions of normal plasma [23] and in crystalloid induced dilutional
coagulopathy [24]. Interestingly, a recent clinical study in CPB-patients
showed that postoperative bleeding correlated with the preoperative
fibrinogen concentration [25] and in our study intraoperative bleeding
in the 18 patients correlated with fibrinogen loss, both supporting the
increasingly evident importance of the concentration of fibrinogen [26].
Also, noteworthy, a recent prospective randomized study has shown
that in patients undergoing radical cystectomy, fibrinogen supplemen-
tation improve the ROTEMfindings aswell as reduce the requirement of
postoperative blood transfusion [27].

Recombinant factor VIIa in a pharmacological concentration facilitates
thrombin generation by activating factor X on the surface of activated
platelets by both tissue factor dependent [28] and tissue
factor independent mechanisms [29,30]. In the present experiments,
rFVIIa alone primarily shortened the initiation phase (CT) of whole blood
clot formation, whereas the haemostatic effect on the compromised
100. The figures illustrate the closure time (sec) before and after cardiac surgery using
P, Panel B). The median values of the c/epi measurements are significantly prolonged

binant factor VIIa and fibrinogen correct clotting ex vivo in patient
Res (2009), doi:10.1016/j.thromres.2009.08.008
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propagation phase (MaxVel) and stabilization phase (MCF) was
insignificant. The insignificant effect of rFVIIa alone on clot propagation
and stabilization could possibly be explained by the reduction in
postoperative platelet number and functionor, alternatively, by a reduced
concentration of substrate for the rFVIIa facilitated thrombin generation,
i.e. hypo- or dysfibrinogenemia caused by consumption, haemodilution
coagulopathy, or increased fibrinolysis. The beneficial effect of fibrinogen
supplementation ex vivo in our experiments could therefore possibly be
due to reversal of an acquired hypofibrinogenemia or dysfunction of
fibrin polymerization. The latter has been shown to develop secondary
to infusion of colloid plasma expanders or gelatinswhich are commonly
used during CPB surgery [11,31]. At the single added pharmacological
concentrations of rFVIIa and fibrinogen applied in our experiments,
fibrinogen alone showed a stronger pro-haemostatic effect ex vivo than
rFVIIa alone, i.e. the initiation, propagation (p=.05), and stabilization
phases were all improved with fibrinogen. A speculative, but plausible
explanation of the additive effect found after spiking with both rFVIIa
and fibrinogen on ROTEM parameters ,may be related to the effect of
accelerated thrombin generation induced by rFVIIa which in the
presence of added fibrinogen may enhance the stability of the fibrin
network generated [32].

Noteworthy, levels of fibrinogen are most often measured using
the Clauss method. Unfortunately, this method may reveal false high
levels of fibrinogen due to e.g. haemodilution and the presence of
colloid plasma expanders. In contrast, global haemostatic assays like
thromboelastometry clearly illustrates abnormal fibrin polymeriza-
tion and fibrinogen deficiency.

The current study was an experimental ex vivo study that used
whole blood thrombelastometry as an endpoint. Since our study
involved only 18 patients with heterogeneous heart conditions, no
clinical correlation of the ex vivo effect of rFVIIa and fibrinogen was
attempted. Optimally, however, clinical outcome data, such as the
incidence of re-operation due to bleeding or the measured blood loss,
would be preferable. Therefore, it may only be speculated if our results
indicate a beneficial clinical effect on hemostasis in patients. However,
a recent study found that abnormal thromboelastometry correctly
indentified hypocoagulable dogs with bleeding with a positive predic-
tive value of 89% and a negative predictive value of 98% [33] and,
therefore, it seems possible that the improved ROTEM pattern indi-
cates improved hemostasis, although further clinical correlations are
needed. Based on this it may be speculated that during treatment of
intractable bleeding following CPB surgery early fibrinogen supple-
mentation should be considered, either as the first choice or in
combination with rFVIIa. However, we emphasize that clinical safety
and dose ranging studies are needed before any clinical application of
our findings can be recommended.

Our study has further limitations. None of our patients received anti-
fibrinolytics such as tranexamic acid or aprotinin which are commonly
used during CPB [34] and these agents could have improved the
thromboelastometric profiles as shown in other circumstances [18].
Also, allfivepatients undergoingaortic valve replacementhad abnormal
pre-operative platelet function as measured by the CT c/ADP. The CT c/
ADP prolongation is most commonly found in patients with low von
Willebrand factor (VWF) [35]. Although VWF was not measured, this
phenomenon could be a sign of acquired breakdown of VWF (acquired
von Willebrand disease) in consequence of the aortic valve disease
(equivalent to vonWillebrand disease type 2A) as previously suggested
by others [36].

We conclude that both rFVIIa and fibrinogen have a positive effect
on CPB-associated thromboelastometric abnormalities ex vivo and
that their combined supplementation normalizes the abnormal
thromboelastogram to pre-treatment values. Currently, clinical studies
are ongoing that use rFVIIa to control hemorrhage during cardiac
surgery. Our data suggests that future clinical trials in cardiac surgery
should also study the haemostatic effect and safety of fibrinogen and
possibly the combination of rFVIIa and fibrinogen.
Please cite this article as: Sørensen B, et al, The combination of recom
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